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中心的 Mashkina A V 课题组 [8-16]长期致力于甲硫醇
合成的研究， 对于甲硫醚的转化也有一些研究结






比于反应温度以及物料比 n(H2S)/n(DMS)，如图 1 所
示。
表 1 各金属氧化物催化甲硫醚转化成甲硫醇反应的活性
Table 1 Comparison of activity of DMS to MT on different metal oxides
表 2 氧化铝不同晶相和粒径对催化甲硫醚转化成甲硫醇的影响
Table 2 Influence of the properties of alumina on its activity in the conversion of dimethyl sulfide to methanethiol
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400℃，n(H2S) ∶ n((CH3)2S) =10 时甲硫醚的单程转化










































的引入使得 ZSM-5 分子筛总酸度增强， 其中，W、












钨添加量 w=5%~10%(表面密度约为 3.5~4.5 W-
(CH3)2S +H2S = 2CH3SH at different temperatures and molar
ratios of (1) 1, (2) 2,(3) 4, (4) 10, (5) 20, and (6) 28
图 1 甲硫醚与硫化氢合成甲硫醇在不同温度和摩尔比下
的平衡转化率
Fig. 1 Equilibrium conversions (Xeq) of dimethyl sulfide to










的 CH3SCH3反应得到甲硫基 CH3S-和甲氧基 CH3O-，
之后再分别与硫化氢解离得到的 OH-1和 SH-1反应得















吸附 (Dissociative adsorption) （式 a）， 配位吸附








为例，碱性分子筛(如 NaX)有利于 S-H 的解离，而酸
性分子筛(NaY)不利于 S-H 的解离，解离后，-SH 中
的 H与 NaX配位得到酸性氢氧根， 而 NaY 催化剂
上则需高温通过骨架内碱性晶格氧作用得到氢氧
根，吸附模型如图 3 所示。
Garcia 和 Lercher 等[38]通过光谱分析，提出硫醇
类物质在分子筛表面的氢键吸附模型， 如图 4 所
示。
图 2 WO3/ZrO2上甲硫醚硫化氢合成甲硫醇的反应过程
Fig. 2 Reaction process of synthesis of methanethiol from









用，将电子传递给 Na+，从而减弱了 C-S 键稳定性，
使 C-S 键容易断裂，另外，硫醇中的 CH3-中的 H 与













合成甲硫醇的反应进行系统地研究， 发现 H2S 与
DMS 两者都通过硫原子与催化剂表面的酸性位点
的作用吸附到催化剂上[7,24]，催化剂的酸性增强有助
于甲硫醚中 C-S 键的断裂而形成甲硫基 CH3S-和甲
基 CH3+，CH3+又进一步与晶格氧 O2-反应生成甲氧基
CH3O-。 另一方面， 硫化氢在催化剂表面则先断裂成
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Abstract: Methanthiol is an important chemical intermediate used to produce organosulfur compounds such as methionine. The
research progress in the catalysts for thiolation of dimethyl sulfide to methanethiol in recent years was reviewed, including the
adsorption properties of dimethyl sulfide, hydrogen sulfide and methanethiol on catalyst surface, the possible reaction mechanism and
the deactivation and regeneration of catalysts.
Keywords: dimethyl sulfide; hydrogen sulfide; methanethiol; catalyst
methanethiol synthesis from H2S and dimethyl sulfide
over Al2O3 catalysts promoted with phosphorus [J]. Appl
Catal A , 2012, 431-432 :151-156.
[25] Mashkin V Y. Kinetic-study of dimethylsulfide and
methanethiol synthesis [J]. Appl Catal A, 1994, 109: 45-
61.
[26] Valente J S, Falcon S, Lima E, et al. Phosphating
alumina: A way to tailor its surface properties [J].
Micropor Mesopor Mater, 2006, 94: 277-282.
[27] Gutiérrez O Y, Kaufmann C, Hrabar A, et al. Synthesis of
methyl mercaptan from carbonyl sulfide over sulfide
K2MoO4/SiO2[J]. J Catal, 2011, 280: 264-273.
[28] Gutiérrez O Y, Kaufmann C, Lercher J A. Synthesis of
methanethiol from carbonyl sulfide and carbon disulfide
on (Co)K-promoted sulfide Mo/SiO2 catalysts [J]. ACS
Catal , 2011, 1(11): 1595-1603.
[29] Chen S P, Wang W M, Liu Y W, et al. Transition metal
promoted ZSM-5 catalysts for the conversion of dimethyl
sulfide into methanethiol [J]. Acta Phys-Chim Sin, 2014,
30(6): 1148-1154.
[30] Chen S P, Wang W M, Zhang Y H, et al. Thiolation of
dimethyl sulfide to methanethiol over WO3/ZrO2 catalysts
[J]. J Mol Catal A , 2012, 365: 60-65.
[31] Devassy B M, Halligudi S B. Effect of calcination
temperature on the catalytic activity of zirconia-
supported heteropoly acids[J]. J Mol Catal A , 2006, 253
(1-2): 8-15.
[32] Chu W, Echizen T, Kamiya Y, Okuhara T. Gas-phase
hydration of ethene over tungstena-zirconia [J]. Appl
Catal A, 2004, 259(2): 199-205.
[33] Ziolek M, Czyzniewska J, Lamotte J, A comparative FT-
IR spectroscopic study of methanethiol and methanol
adsorption on sodium Zeolite-X and Zeolite-Y [J]. React
Kinet Catal Lett , 1994, 53: 339-346.
[34] Ziolek M, Sugioka M. Adsorption and dehydrosul
furization of aliphatic thiols on zeolites [J]. Res Chem
Intermed, 2000, 26: 385-412.
[35] Ziolek M, Nowalc I, Decyk P, et al. Synthesis and
transformation of thiols and organic sulfides on MCM-
41mesoporous molecular sieves [J]. Stud Surf Sci Catal,
1998, 117: 509-516.
[36] Ziolek M, Kujawa J, Saur O. Influence of hydrogen-
sulfide adsorption on the catalytic properties of metal-
oxides[J]. J Mol Catal A, 1995, 97: 49-55.
[37] Travert A, Manoilova O V, Tsyganenko A A, et al. Effect
of hydrogen sulfide and methanethiol adsorption on
acidic properties of metal oxides: An infrared study [J]. J
Phys Chem B, 2002, 106: 1350-1362.
[38] Garcia C L, Lercher J A. Hydrogen bonding of sulfur
containing compounds adsorbed on zeolite HZSM-5 [J]. J
Mol Struct, 1993, 293: 235-238.
[39] Mastikhin V M, Mudrakovsky I L, Nosov A V, et al.
High-resolution H-1 nuclear magnetic-resonance study of
hydrogen-sulfide adsorption on heterogeneous catalysts
[J]. J Chem Soc, Faraday Trans, 1989, 85: 2819-2825.
[40] Saur O, Chevreau T, Lamotte J, Travert J. Comparative
adsorption of H2S, CH3SH and (CH3)2S on alumina -
structure of species and adsorption sites [J]. J Chem Soc,
Faraday Trans,1981, 77: 427-437.
[41] Saussey H, Saur O. Infrared study of sulfur-compounds
adsorption on anatase - adsorption sites[J]. J-C Lavalley J
Chim Phys Phys-Chem Biol, 1984, 81: 261-265.
[42] Glass R W, Ross R A. Surface studies of the adsorption
of sulfur-containing gases at 423K on porous adsorbents.
II. The adsorption of hydrogen sulfide, methanethiol,
ethanethiol, and dimethyl sulfide on gamma-alumina[J]. J
Phys Chem, 1973, 77: 2576-2578.
[43] Desyatov J V, Paukshtis E A, Mashkina A V. Infrared
spectroscopic studies of H2S adsorption on gamma-Al2O3
[J]. React Kinet Catal Lett , 1990, 41: 85-88.
[44] Desyatov I V, Paukshtis E A, Mashkina A V. IR
spectroscopic studies of H2S adsorption on acid and base
catalysts[J]. React Kinet Catal Lett , 1990, 41: 161-165.
124
